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/A SAFETY INSTRUCTIONS

"DANGER", "WARNING" and "CAUTION" notices appear throughout this manual. It is the
responsibility of the operator and installer of the equipment to read, understand and follow
these notices. If you have any questions regarding these safety instructions, please con-
tact a FURUNO agent or dealer.

The level of risk appearing in the notices is defined as follows:

This notice indicates a potentially

hazardous situation which, if not
avoided, will result in death or

serious injury.

This notice indicates a potentially
hazardous situation which, if not
avoided, could result in death or
serious injury.

/\ WARNING

This notice indicates a potentially

hazardous situation which, if not
CA U TI 0 N avoided, could result in minor or

moderate injury, or property damage.




/A WARNING

Do not disassemble or modify the
equipment.

Fire, electrical shock or serious injury
can result.

Turn off the power immediately if water
leaks into the equipment or the equip-
ment is emitting smoke or fire.

Continued use of the equipment can cause
fire or electrical shock.

Do not work inside the
equipment unless totally
familiar with electrical
circuits.

Hazardous voltage which can
shock, burn or cause serious
injury exists inside the equip-
ment.

Do not place liquid-filled containers on
the top of the equipment.

Fire or electrical shock can result if a
liquid spills into the equipment.

Do not operate the equipment with wet
hands.

Electrical shock can result.

Turn off the power at the
mains switchboard before
beginning the installation.
Post a sign near the switch
to indicate it should not be
turned on while the equip-
ment is being installed.

Fire, electrical shock or
serious injury can result if the
power is left on or is applied
while the equipment is being
installed.

Keep heater away from equipment.

Heat can alter equipment shape and melt
the power cord, which can cause fire or
electrical shock.

A CAUTION

Do not use the equipment for other than
its intended purpose.

Personal injury can result if the equipment
is used as a chair or stepping stool, for
example.

Do not place objects on the top of the
equipment.

The equipment can overheat or personal
injury can result if the object falls.

Ground the equipment to
prevent electrical shock
and mutual interference.

Confirm that the power supply voltage
is compatible with the voltage rating
of the equipment.

Connection to the wrong power supply
can cause fire or equipment damage. The
voltage rating appears on the label at the
rear of the display unit.
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1. INTRODUCTION

The Model FD-160 is an MF/HF Direction Finder enhanced by the advanced
technology of frequency synthesis. This equipment covers a frequency
range from 200kHz to 18MHz as a direction finder and from 100kHz to
29.999MHz as a receiver.

The receiver section is integrated with a micro-computer and features a
variety of functions:

. Frequencies can be digitally set in steps of every 100Hz and can be
tuned to optimum conditions through the electronic tuning system.

- Up to 200 frequencies and their emission modes can be stored as easy-to-
recall memory channels, thus allowing easy setting of desired signals.

- Frequency scanning/channel scanning enables the search of signals over a
desired freguency range or channel groups.

- Easy and fine sense pattern adjustment at display unit. Optimum sense

setting can be performed on all fregquencies because of finely divided
frequency ranges for adjustment/memory.

1-1
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2. SYSTEM CONFIGURAT

ION

Receiving antenna

This antenna is only
for receiver use.
This antenna is
required when the
equipment is used as
a receiver.

Speaker

S ©

Sense antenna

This antenna is
required to form
sense pattern which
selects one direction
from the two

possible directions
indicated by the

loop antenna.

Loop antenna

This antenna forms
the propeller pat-
tern. The propeller
pattern moves
according to the
incoming direction
of the signal.

Goniometer box

-6

The goniometer
electrically rotates
the Toop antenna to
search the direction
of the signals
received.

Display unit

2-1

This unit receives
desired signals, and
the propeller and
sense patterns
displayed on CRT
determine the direc-
tion of the signals.
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3. SWITCHES, CONTROLS AND KEYS

o/
DIMMER i
CURSOR /
PUSH-SENSE

S-meter

Frequency display

AUTO SENSE]| (inside)/
PICTURE|(outside)
FUNCTION

-FINE Display
Section
RF GAIN

MEMORY |

CLARIFIER] o L

Display

(ot

PUSH-
SENSE

e
o W goew A
s O

ﬂ‘ use 158 Cw &

Immﬂﬁl___________~ e el o
VOLUME |~

e/ o/d

2A POVER

3 —————{Numerica] keXEJ \]
s4+5 |l
i 1 }f‘ Up/down Receiver
k° 54£jq Section
e flelen | PHONE
[+]
ge

Receiving mode

POWER

Section

This knob adjusts the illu-
mination of the cursor
scale. Pulling this knob
increases the brightness of
the frequency display and
the indication lamps above
the pushbuttons.

:Rotating this knob with
the knob depressed rotates
the compass scale to align
with the indication of the
gyro compass.

CURSOR {/:This knob rotates the

cursor scale. Pushing
this knob displays the
sense pattern on the CRT.

3-1

Emission mode

AUTO SENSE |:Keeping this knob

pulled alternately
displays the sense and
the propeller patterns
on the CRT. Rotating
this knob adjusts the
repetition interval.

PICTURE |:Rotating this control

adjusts the size of the
image displayed on the
CRT.

FINE [:This knob is used for fine
tuning.

‘FUNCTION :This switch selects the
sense adjustment, direc-
tion finder mode and
receiver mode.

RF GAIN |:This control adjusts the

“gain of the receiver.
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Receiver Section

This meter indicates the
strength of the signals
received.

S-meter:

Frequency: This indicator shows the
display frequency received or
the channel number.

VOLUME| :This knob controls the
. sound volume of the exter-
nal speaker/headphone.

CLARIFIER| :This knob clarifies the
sound/tone when USB, LS8
or CW is received.

Numerical
keys

:These keys are used when
setting the frequency,
channel, etc.

PHONE: This jack is for the plug
of the headphone.

POWER | :Turning this toggle switch

upward turns on the power
source.

[Control Pushbuttons]:These pushbuttons select the emission-modes of receiving
signal, receiving mode, etc.

Indication lamp: When this lamp is

on, the pushbutton
below the lamp is

(v ]/ [FasT] /7 [ &]

T
These pushbuttaons

~activated. change the
> Yauna o frequencies/channels.
' ,’~4JZ{ . - 3i‘ Pushing the Up [4] or
. wwm ge/a | R Down [w] together with
9 e & e the [FAST] button makes
YOLUME CLARIFIER] ‘é’ té’ g “‘-{‘ : [+] - 18 i th e Ch a n 1. n S e ed
@ @ T ‘.\ : C ENT r‘ap '| d . g g p
] o
MEMORY [ :This pushbutton is used to
store the channel
number/scanning data into '
memory .
Receiving mode Emission mode

The receiving modes,|SCAN],
[CHANNEL] and [FREQ] are selected.

CHANNEL{ :The preset channel is

received.

FREQ {:Frequencies are

received as desired in
steps of 100Hz.

:Combined with the
or [FREQ], scanning of
the channels or frequencies
are started and stopped.

[usB| /[ LSB] / |CW]/|AM]|

These pushbuttons select the
emission mode of receiving signal.

Button Signal modes
received
USB J3E, R3E

L.SB Lower sideband of J3E

CwW AlA

v
=
-t
-+
!
>

A2A, H2A, A3E, H3E
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4. OPERATION SUMMARY

4-1 Direction Finding Procedure

When AGC is on.

Turn on the power

source.
W

When AGC is off.

setting

Set the switch
to the DF/AGC.

FUNCTION

Set the switch
to the DF.
;;Q_

FUNCTION

[PICTURE] adjustment |

o0

Excessively  Proper
large |

Set the [RF_GAIN
to "0", and turn
the knob
to display the
image as shown
above.

. Push the -RE
L

« Push the button.

to be continued

]Frequency sett1541 ;4£J

For example, to receive
a broadcast1ng signal of
666kHz,

(AM mode is selected.)

[:] [:] [:J and

keys in this order.
(A frequency of 666kHz will be set.)

4-1

Remarks

The AGC is a func-
tion which maintains
the receiver output
at a certain Tlevel
even if the signals
received vary in
strength.

The Jeft example
shows the frequency
setting method in
the "frequency
receiving" mode.
Other modes are also
provided as follows:
- Channel receiving
» Frequency scanning
- Channel scanning
For details, refer
to "4-3 Four
Receiving Modes"
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i adjustment i——

Turn the l _ Turn the When the AGC is on,
turn the
control @ control clock- fully clockwise
fully clock- 2 . wise to display (to the maximum).
wise. the propeller

| pattern on the
CRT as shown

in the left.
[ FINE] adjustment
|
Set the |FINE Adjust the [FINE The optimum setting
control for this control until the is usually gained
maximum S-meter propeller pattern when the [FINE
swing. becomes the narrowest. control is set on or

i around the midpoint.
Width of propeller
pattern

Proper

[birection findingl

Turn the True bearing
[CURSOR] / [PUSH-SENSE]
knob to align the cur-
sor line to the center
line of the propeller
pattern. Push the
[CURSOR] / [PUSH-SENSE|
knob to determine the
sense pattern. The

The cross point bet-
ween the cursor line
and compass scale
indicates the true
bearing of the
incoming signal.

arrow mark on the Fixed scale

sense pattern side

indicates the direc- Compass (to be rotated so that the ship heading
tion of the incoming direction points "0" of fixed cursor.)
signal.

4-2
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4-2 Four Receiving Modes

There are four modes for setting the receiving freguencies:
(Frequency receiving), (Frequency scanning), (Channel receiving) and (Channel
-scanning).
In other modes than the frequency receiving mode, the channel frequency
and/or the scan data must be previously set in the procedure as shown in the
flow chart below.

(Store the frequencies and

emission modes as desired 1in

the Channels No. O thru LEhanne] frequency settingi
199.) I e

_——— — = - — — — = — -—_———bl - —q
!
|

Scan data setting! 1Scan data setting

((Frequency receiving)) ({Channel receiving))

((Frequency scanning)) ((Channel scanning))

[ Set to a desired receiving frequency. ]

For detailed operation and setting, refer to "5. Frequency Setting".

(Frequency receiving):When a frequency is required to be occasionally
received, the frequency is set by manually entering the
data with the numerical keys.

(Frequency scanning) :The frequencies are scanned at desired intervals within
a preset frequency range.

This mode is convenient for the search of incoming
signals when those frequencies are unknown.

(Channel receiving) :The previously stored channel frequency and emission
mode is received by calling the registered channel
number,

(Channe] scannihﬁ) :Previously stored channels in a group are scanned.

This equipment has a capability to store 200 channels (0
to 199) in total and they are divided into 20 groups for
channel scanning.

This mode is convenient for the search of incoming
signals among preset fregquencies.

4-3
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5. FREQUENCY SETTING

5-1(Frequency receiving)---The frequency desired can be entered directly with
the numerical keys.

IFREQ button

FURUNO ‘SCANNING OF FD-160
o ] [+
T2 N3
4 0s e T
»tsélonv sgu c; rrla:r] v FaST A 4! NUIT]erWC&] ke_yS
=3 g
VOLUME CLARIFIER UsE 1sE ow  am
o % Q d
\° o]

[E@ission Mode selector

(1) Set the freguency desired to receive.
(The data entered with the numerical
keys are entered in "kHz".)

Example 1: When setting a frequency of 2394.5kHz,
push the keys in the following order:

[Freq] [c][2](31[9 ][ a][ - 1[5][En]

Example 2: When setting a frequency of 2232kHz,
push the keys in the following order:

[FREQ] [c ][ 2][2][3][2][ENT]

+ When the number in the place of 100Hz is "0", E:] and [::
need not be entered.

“Caution: When frequencies except 100kHz thru 29.9999MHz are entered,
the display flickers to indicate that the fregquency can not
be entered. Press the key and enter the proper data
again.

Example 3: The emergency frequency of 2182kHz can be set only by
pushing the [2182] key. At this time, the emission mode is
automatically set in the

(2) Setting the emission mode.

Example: When the emission mode of received signal is J3E, push the
USB| button.

5-1
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— Related operation/application — —_

(1) The procedure to reset the frequency displayed to another frequency.

In case of a slight variation, pushing the button [:]/’[:]changes the
frequency in steps of 100Hz.

Pushing this button together with the |FAST| button rapidly changes the
frequency.

5-2
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5~2(§can data setting/Frequency scanning)----Procedure to scan at certain

intevals within a desired
[MEMORY | SCAN | FREQ
' RO SCANNING of FO-160

frequency range.
[+

AAJNumerica1 keys

ush (5B (W AW
a o

'gj§ @i@ CT

Example: When the scanning data is as follows:

Scanning interval (scanning speed):++--vv--- 1 sec.
Stop time (when the signal is received)----- 5 secs.
Start frequency s reeersrrresnsnreacreneesans 1000kHz
End frequency esrsseeeeereeeeatenananaansan, 3000kHz
Step FreqUenCy ««-reresresonsensenses PO 15kHz
Start frequency When Eﬁe signal is received End Erequency

Scanning]interva]

Scanning]interva1 | Stop time
1 sec. | 1 sec.

1 sec. | 1sec. | 5 secs.

1000kHz 1015kHz 1030kHz 2985kHz  3000kHz

- The frequencies are scanned from the start frequency to the end fre-
quency step by step at preset intervals. When the end frequency is
reached, the scanning is restarted at the start frequency.

(1) Select the frequency scan mode by pushing the [FREQ] and [SCAN| in
this order.

5-3
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(2) Entering the scan data

- Enter the scanning interval/stop time (unit: second) by pushing the
keys in the following order:

[remory] [c ] [1][- ][5 ] [en]

Stop time
Scanning interval

Note: The scanning interval and stop time can be set at 1 thru
9,999 seconds in units of 1 second but the total of both
digits can not exceed six.

- Enter the start frequency by pushing the keys in the following
order:

[c][1]To][o][o][ent]

Note: Be sure to make the start frequency smaller than the end fre-
quency. If the frequencies are set in the reverse, the
display flickers to indicate an error when the scanning is
started. In this case, push the MEMORY button to enter the
proper data again.

- Enter the end frequency by pushing the keys in the following order:

[ext] [c][3][o][o][o][enT]

- Enter the step frequency in the following order:

(3) Start the scanning by pushing the |SCAN| button.

Note 1: The stop function activates at a signal strength of "3" or
more on the S-meter. Set scan threshold Tevel with the

RE_GAIN| control.
2: Set the | FINE ] control on or around the midpoint.

—— Related Operation/Application — — —
(1) Temporary stop during scanning
Push the [SCAN| button. Push the button again to restart the

scanning.

5-4
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(2)

(3)

Scan data check/Partial change

Push the |MEMORY| button during scanning.

The scanning interval/stop time are first displayed.
Thereafter, every time when the button is pushed, the data are
sequentially displayed as follows:

Scanning interval/stop time------- Decimal point does not come on.
Start frequency-recescrrrecccceacns One decimal point comes on.
End frequency--:rseveerrreccrenans Two decimal points come on.
Step frequency--seccvrrereereccers Three decimal points come on.

First call the data to be changed, push the key, enter the data

and push the key.
The data displayed are changed into the data newly entered. Then,

push the [SCAN] button. The scanning will be restarted with the
renewed data.
To speed up the scanning rate

Push theE] orE button. If the button is pushed together with the
FAST! button, the scanning rate becomes faster.

5-5
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5-3 @hannel Frequency Settin@ -------- Procedure to store the
frequency/emission mode,

This setting is required before using the channel receiving/channel
scanning modes.

|MEMORY| [ FREQ]

FURUDNO vSE:ANI\"NG OF FD-160
° °
1 2 3
4 5 6
M SCAN M FRED -
v FaST A R
=3 | {Numer1ca1 keys
VOLUME CLARIFIER
uss 158 oW AM
@ @ [~ =T -
[} 10 - +
@ )

lEmission mode|

(1) Enter the frequency/emission mode as desired.

Example: When entering the frequency 1008kHz/emission mode AM, push
the keys in the following order:

(Frea] [cJ[1][ o] [o] [&] [enT] [au]

(2) Enter the channel number in which the above data are entered.

Example: When entering the data into Channel No. 101, push the keys
in the following order:

[vevorv] [c][1][o] [1] [enT]

Note: In the above operation, the data previously stored are
displayed. When no data are stored, "0" is displayed. If the
old data is to be stored, push the key to store the data
into the other channel.

(3) To store the new data into Channel No. 101,
push the key once again.

Note: The old data previously stored are de]eted.]

5-6
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—— Related Operation/Applications — —_

The frequencies which are used in the channel scan mode should be grouped
according to their applications, and the channel numbers and frequencies
should be stored with their relationship taken into consideration.

For these requirements, the channel frequencies must be reset.

For resetting, proceed with the following procedure.

(1) Data transfer between the channels
Example: Transfer the frequency from Channel No. 101 to 102.

i) First, call the frequency stored in Channel No. 101 by pushing the
keys in the following order:

@) (€ (1)) (1) [

ii) Transfer the frequency data into Channel No. 102.

[vewory] [c J[1] o] [2]

Note: The above operation deletes the data stored in Channel No. 101
and automatically transfers frequency/emission mode data from
Channel No. 101 to 102.

(2) Channel memory clear
- When the data stored in a channel are desired to be deleted:

Example: Delete the frequency stored in Channel No. 101 by pushing
the keys in the following order:
(In this case, the frequency "O0" is stored in Channel No.
101.)

[erea] [c] [ent] [wemorv] [c][1] [o] [1] [ent] [ent]

- Delete all data stored in all Channels O thru 199 by pushing the
keys in the following order:
(In this case, the frequency "O" is stored in Channel No. 999.)

[Freq] [c ] [ent] [Mewory] [c][ o] [9][o] [EnT] [enT]

5-7
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5-4

--The procedure for receiving the frequency stored in

Channel Receiving --
the channel by calling the channel number.

=

FURUNO SCANNING OF  FD-180
P = pre— o
123
= MH KHZ
affs e
g meem g p | FEE [ Numerical keys
= Er T ChEeEd |
VOLUME CLARIFIER [o] 2182
USE 1SB  Cw AM
o = o
@ @ CITT
o 0 - +
lo e

1

—— Related Operation/Applications

The
(1)

(2)

. Set the channel number desired in order to receive the frequency.

Example: When receiving the frequency in Channel No. 101, push the keys
in the following order:

[enf el [a][o][1][en]

- At this time, either the frequency stored in the Channel No. 101 or the

channel number is displayed. Further, push the [(ENT)| key.
The channel number or the frequency will be alternately displayed each
time the key 1is pushed.

Note: When the display flickers, no frequency is stored in the called
channel number. In this case, newly store the frequency.

following operation can also change the channel/frequency.

When the [A] or [ W] button is pushed with the channel number displayed,
the channels stored with the frequencies are sequentially displayed.
Pushing the button together with the button increases the
changing speed.

The following operation in the channel mode can easily change the fre-
guency into the adjacent frequency.
The frequency in the channel is displayed when the MEMORY} and |FREQ
buttons are pushed. Then, pushing the [A] or [ ¥ ] button increases or
decreases the frequency in steps of 100Hz. Pushing the button together
with the button increases the changing speed.

5-8



— FURUNO

5-5(Scan data setting/Channel scanniné)---The procedure to scan the stored
channels over a group of 10

channels.
The channels are divided in 20 groups Channel No. Scanned group
of 10 channels as shown in the right
table. The channels desired to scan 0 ~ 9CH 0
can be selected as a unit of this
group. For example, selecting the 10 ~ 19CH 10
scanned groups 10 and 30 sequentially
scans only the channels stored over
Channel Nos. 10 thru 19 and Nos. 30
thru 39.
190 ~ 199CH 190
SCAN
MEMORY CHANNEL
P SCANNING OF FD-1680
° @ )
i T2 3
L MHE KHz ‘4 “5" ?
;éﬁ EE R e\ e {Numerica] ke&gw
VOLUME CLARIFIER e 1w A Q . 2182
@ ||l||§l i
*0 10 ~ + GJJ

Example: The following scan data are desired to be stored:
Scanning interval (scanning speed)«+--v+-- 2 sec.
Stop time (when the signal is received)---30 secs.
Scanned group nNUMbErs--«ceereerrernereen.s 10 and 30

(1) Select the channel scanning mode by pushing the buttons in the
following order:

(2) Enter the scan data.

- Enter the scanning interval/stop time (unit: second) by pushing
the keys in the following order:

[revory ] [c J[2 ][ J[3][o][ew

Stop time
Scanning interval

5-9
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Note: The scanning interval and stop time can be set at 1 thru
9,999 seconds in units of 1 second but the total of both
digits can not exceed six.

- Enter the scanned group numbers by pushing the keys in the
following order:

[c][a][o][ent] [c][3][o][en]

Scanned group No.

(3) Start the scanning by pushing the |SCAN| button.

Note 1: The stop function activates at a signal strength of “3" or
more on the S-meter. Set scan threshold level with the

RF _GAIN| controtl.
2: Set the |FINE| control on or around the midpoint.

——Related Operatton/Applications —_ —
(1) Temporary stop during scanning
Push the |SCAN| button. Push the button again to restart the scanning.

(2) Scan data check/partial change

- Push the [MEMORY| button during scanning.

The scanning internal/stop time are first displayed.
Thereafter, every time when the [ENT] button is pushed, the data is
sequentially displayed as follows:

Scanning interval/stop time
First scanned group No.

Next scanned group No.

Last scanned group No.
I —
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- Scanning interval/Stop time change

When the scanning interval/stop time is displayed, proceed with the
same procedure as described in Step (2) "Entering the scan data".

+ Scanned group change

When a scanned group is desired to be deleted,
Push the when the affected scanned group is displayed.

When a new scanned group is desired to be added,
Proceed with the same procedure as described in Step (2)
“Entering the scan data" even when any scanned group is displayed.

(3) To speed up the scanning rate,

Push the [a] or [ w]button. If the button is pushed together with the
FAST| button, the scanning rate becomes faster.

5-11
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6. DIRECTION FINDING OPERATION

6-1 Operating procedure

DIMMER

AUTQ SENSE] (inside)/
PICTURE|(outside)
FUNCTION

—{re]

CURSOR /
PUSH-SENSE

COMPASS

Al

S-meter

Freguency display

— o
~ non| -————{Numerica1 keys
MEMORY } e J
VoLUE jans) vp/doun
VOLUME VOLUME  CLARIFiER] — ol . Tlae:
e ® o L = PHONE
CLARIFIER 2 °

Receiving mode Emission mode

POWER

(1) Turn the |POWER| toggle switch upward to energize the system.

(2) Turn the [DIMMER| control to adjust the brightness of the cursor
scale and frequency display.

(3) When the gyro repeater is incorporated, turn the [COMPASS| knob with
the knob pushed to align the compass scale to the reading of the gyro
compass.

(4) Set the |[FUNCTION| switch at the AGC on the DF side.

- For details, refer to "Operation for |[FUNCTION| switch" in page
6-4.

AGC AGC

D R

SENSE
ADJ.

FUNCTION

6-1
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(5) Set the |[RF GAIN| control at "Q"
and turn the |[PICTURE] control to
make the round image cover about
95% area of the CRT.

Excessively large Proper

(6) Turn the |[RF_GAIN| control clockwise close to the midpoint and set
the |FINE| control at the center.

(7) Select a desired frequency
referring to "5. Frequency
Setting".

When a signal When a signal
is received is not received

(8) Adjust the sound volume with the |[VOLUME] control.
(9) When the signal received is [USB], or [CW], turn the [CLARIFIER

control to gain fine sound/tone.

(10) Make the width of the propeller Width of propeller pattern
image further narrower with the
RF_GAIN| and [FINE| controls.
After the [FINE control is

adjusted, turn the [RF GAIN
fully clockwise.

Note: When the AGC is off, the

RF GAIN| must be adjusted.

Proper Gain too high

(11) Turn the [CURSOR| knob to align

the cursor line to the center line
of the propelier pattern.

(12) When the system is not coupled with the gyro-compass, turn the
knob with the knob depressed to align the compass scale to
the reading of the ship's compass.
(This operation is not necessary to measure relative bearing of
incoming signal.)

6-2
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(13) When the [PUSH-SENSE| knob is

(14)

depressed, the propeller pattern
will be deformed on one side.
The arrow mark on the deformed
side indicates the direction of
the incoming signal. When the
knob is pulled, the
sense and propeller patterns are
alternately given. Turning the
knob adjusts the repetition
interval from 0.5 to 2 seconds.

Determine the correct direction by

referring to "Direction Finder
Calibration Curve".

6-3

True bearing

Direction
relative to
the bow
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- QOperation of |FUNCTION| switch

When the equipment is used for direction finding,

AGC AGC DF : AGC (automatic gain control) is off.
DQ @v AGC: AGC is on.
SENSE
ADJ.
FUNCTION

When the eguipment is used as a receiver,

In this case, no image is displayed on the CRT.

When the sense pattern is | Note: When the receiving antenna is not provided,

adjusted, the signal can not be received at this posi-
_ tion of the switch. In this case, set the

For the sense pattern switch at the "DF" mentioned above.

adjustment, refer to "8-5

Sense Adjustment". RCV: AGC is off.

AGC: AGC is on.

Note: Function of AGC
(1) When AGC is on,
For signals with their strength varied, turn the RF|GAIN| fully
clockwise. Adjust the [FINE] control until the S-meter swings to
its maximum point. Then, a stable propeller pattern and sound will
be gained.
(2) When AGC is off,

. This mode is effective to find the maximum tuning point with the

FINE| control.

. The scan threshold Tevel for frequency scan/channel scan can be
set.
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6-2 Measuring Range to a Transmitting Station

The range from own ship to a transmitting station can be measured two ways:
by observing S-meter deflection or noting gain control setting. This feature
is useful when you want to know the range to the transmitting station when it
cannot be measured by radar.

—— CAUTION

1. The range data generated by this unit are approximations only and thus
should be verified against other range-measuring devices.

2. The reliability of the data depends partly on signal quality. Poor
signal quality or an obstruction within the propagation path (for
example, an island exists between the transmitting station and own
ship) tend to decrease accuracy.

1) S-meter Deflection

Range measurement by this method is basically done by observing the degree of
meter deflection; the higher the meter reading, the shorter the range to the
transmitting station.

Procedure
1. Measure and record the range to the transmitting station by radar.

2. Receive a signal from the transmitting station and note the degree of
S-meter deflection.

3. After some time has elapsed, rereceive the signal from the transmitting
station. (Do not adjust the RF GAIN control after this adjustment.) The
estimated range to the transmitting station can be found in the table
below.

The radar range to a partner ship (in this case the transmitting station) is
15 miles and the S-meter reading is 7. Later, when the target echo disap-
pears from the radar screen, the S-meter reads 2. In this case the range to
the ship is 30 miles (see the table below).

S-meter
reading

[}'ar]wc - - - - [NearJ
¥j
| [2]

3 4 5 & 7 8 8 10
Sénsitivity] x1.2 { x1.0 | x0.9 | x0.8 ] x0.7 | x0.6 | x0.5 | x0.4 | x0.3
36 30 27 24 21 18 1] IZI 9

20 |18 j16 [1a][12]) [1o]]| »
“z‘;ﬁe) 18 [1s]|135{1z2] |10s] 9 |75

m

8

24

12 1 8 8 7 6

9.6 T.2 6.4 5.6 4.8
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2) Gain Control Setting

Range measurement by this method is basically done by noting gain control
setting; the higher the setting the greater the range to the transmitting
station.

Procedure

The procedure is basically the same as for the measurement by S-meter deflec-
tion except that the propeller pattern is used as the receiving sensitivity
reference.

1. Measure and record the range to a transmitting station by radar.

2. Receive a signal from the transmitting station and properly adjust RF GAIN

control to obtain proper propeller pattern. Note the RF GAIN control
setting.

3. After radar contact with the transmitting station is lost, rereceive the
signal and adjust the RF GAIN control to restore initial propeller pat-
tern. Using the radar-measured range and the gain control setting, find
the range to the transmitting station in the table below.

The radar range to a partner ship is 10 miles and the gain setting is 4.
Later, just when the target echo disappears from the radar screen, the gain
setting used is 5. In this case the range to the target is 23 miles.

T AT AT
(VY]]

/

N =
Sl

WA

/

/|
4
I/

Range (in mile)

1=

A

i
'/
//
7

77

) 3 [«] [5] 6 7 B
GAIN Control Setting @
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6-3 Calibration Curve

Depending on the surrounding conditions of the loop antenna, the direc-
tion found by the direction finder usually deviates slightly from the

true direction.

Since the direction error can be read on the "Direction Finder
Calibration Curve", compensate the direction using the following proce-

PORT

FETA KREA)
BEARING (Degs.)

STARBD

S . S U Sy B
180 100 A0 20 220 230 240 250 60 270 W0 290 300 310 IO 30 M0 30 O W 20 30 4 50 60 7 B0 90 100 10 1N 10 40 50 0 170 B

dure.
FURUNO
I
{ DIRECTION FINDER CALIBRATION CURVE
! 8 R Model _ MER& Frequency kHz  ME# Meosured By s
WNED SeriolNo. F 1y 9 Derick 8 P Place e
A & ShipsNome & X Droft FORE:  m, AFT: m B Bi Dowe .
B R Owner L BIRTLTF Rodia Anl MAR : OFF, EMG : OFF TRE Observer .
. - - !
E : -2
1t - REREE - B o 5
1 - - _ - nEs i 10
+ 4.4 0 6 A R B O L +
g iy ’
I] AT A EE RN ’;%%A - JACE H fi
. ,)// . . - _L /yzf NN [ O O O , T
I~ ARSSWENE =S _ By S O
ﬂ T ' ,it AR T Hm
5 ] I _ ] - ~ 5
—~ 1 T -
10 L N . e T _ i
1% - B :7 N - - - 1%

- txample of error correction:

To find the correct direction when the propeller pattern stands at 50
degrees on the fixed scale and 90 degrees on the compass scale:

First find the correction value against the fixed scale angle of 50
degrees on the "Calibration Curve".
If +2.5 degrees is read on the curve, the correct direction of the
incoming signal is calculated by adding 2.5 degrees to the propeller

indication.

- Direction relative to the bowe-+=ec---

+ True bearing

--------------------------

6-7
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6-4 Direction finding for unstable propeller pattern

Regard the center Tine of
the fluctuation range as the
incoming direction of the

(1) When the propeller
pattern fluctuates
over a wide range:

signal.
(2) When the propeller / Read the direction when the
pattern varies in 2 propeller is the narrowest.

width:

(3) When the propeller pattern fluctuates 10 degrees or more, do not use
the signal for direction finding.

(4) When the propeller pattern
shows not sharp but round
tips and fluctuates in size
and angle, do not use the
signal for direction
finding.
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7. MAINTENANCE AND TROUBLESHOOTING

7-1 Maintenance

The Model FD-160 Direction Finder is carefully designed to be moisture-
proof, corrosion-resistant, vibration-resistant, etc. for marine use.
However, to preserve the initial performances for a long period of use,
the following cares should be taken during operation.

(1)

(2)

(3)

(4)

(5)

Shut down the power supply when the unit is not used.

Keep the display unit away from sea water. Do not operate the knobs,
controls, etc. with dirty hands. Dirty knobs, etc. should be cleaned
with a dry, clean cloth.

Since the loop antenna and goniometer box are directly exposed to
wind and rain, they are subject to corrosion. Paint them every six
months to a year. The rubber which is used as packing for the loop
antenna is liable to deterioration. Therefore, replace the rubber
packing before deterioration occurs.

When the unit is not used for one month or more, occasionally operate
the unit for about thirty minutes to remove moisture and operate the
switches, knobs, etc. to prevent them from poor contact. When the
unit is not used for three months or more, the nickel-cadmium battery
which maintains the channel frequencies in the memory may be
thoroughly discharged. In this case, the memorized frequencies will
be erased. To prevent erasure, the battery should fully be charged
for about 2 days. When the battery is thoroughly discharged, and the
memorized frequencies are erased, re-enter the frequencies into the
channels. Then, keep the power source turned on for 2 days to
thoroughly charge the battery.

In addition to the nickel-cadmium battery on the control circuit
board (07P2122) used to maintain the above channel memory, a lithium
battery is attached to the sense adjustment board (07P2127) which
maintains the sense pattern data in the memory. Since these bat-
teries last about 5 years, they should be replaced every 5 years.
However, check the batteries for irregularities such as liquid
Jeakage, etc. every 3 to 6 months. When an irregularity is found,
immediately replace the battery.
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7-2 Troubleshooting

When trouble occurs, please contact our engineer or representative.
Only for simple troubles and urgent cases, try to repair the trouble

referring to the following table.

Since the receiver section has a seif-

diagnosing function, use this to isolate the trouble and inform our
engineer or representative of the result at the time of the service call.

Troubles and suspected causes

TroubTe Symptom Cause
1. Neither the illumina- | a. Trouble on the ship power source
tion Tlamps nor the (including the power distribution
frequency display come board)
on. b. Trouble on the inverter (in case
of DC 24V)
Power c. The power source fuse F1 (2A) is
source blown.
2. The power source fuse |a. Short circuit in the transformer
F1 is blown. T1.
b. Defective motor on the goniometer
c. Defective power supply circuit
(rectifier)
1. No image appears even |a. Defective CRT
with proper sound. b. Poor contact of the CRT sacket
c. Defective high tension circuit
(07P2126) for CRT
Abnormal | 2. Only spot appears but |a. 23kHz oscillation in video
image on the sweep Tline does amplifier stops.
the CRT not appear. (Defective Q1,Q2)

b. Defective video amplifier Q2 to Q6
(07P2126)
c. Defective deflection transformer
T4, T5 (07P2126)
d. Disconnection between display unit
and resolver (in the goniometer
- box)
e. Open circuit in resolver winding or
disconnection of wiring
f. Defective variable resistor R3
“PICTURE" control
g. Defective AGC circuit Q6 to Q8
(when AGC is on) (07P2124)

3. Straight Tine in
fixed direction

* The goniometer motor does not
rotates.

a. Poor contact of the function
switch or broken cabling

b. Defective or deteriorated phasing
capacitor (in the goniometer box)

c. Defective motor (in the goniometer
box)
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tern appears even if
the signal is
received.

®

Trouble Symptom Cause
4, Veritical or horizon- |* The goniometer motor is rotating.
tal straight Tine a. Short circuit or broken wiring on
the resolver input/output transfer
lines or deflection transformers
T4 and T5, etc. (07P2126)
b. Defective resolver (in the
goniometer box)
c. Defective deflection circuits for
CRT (07pP2126)
5. Only sweeping circles a. Defective goniometer (in the
appear but white noise " goniometer box)
does not sound even if b. Defective preamplifier (07P2117),
the sensitivity is RF amplifier (07P2121) or IF
increased. amplifier (07P2124)
c. Poor contact of connectors
6. Weak white noise a. Broken output wiring of goniometer
Abnormal sounds even if sen- b. Broken wiring or short circuit of
image on sitivity is increased antenna or gonio cable
the CRT and no propeller pat- (for both X and Y axes)

. Defective insulation of loop

antenna

. Poor contact of connectors

7. Propeller pattern
appears with low sen-
sitivity.

a.

b.

Reduced gain of RF amplifier
(07P2121) or IF amplifier (07P2124)
Poor contact of connectors
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fully clockwise
{though RF GAIN
control 1is turned
fully counter-
clockwise)

a0

Trouble Symptom Cause
8. Dual propeller pattern |a. Poor grounding of loop antenna,
or abnormal propeller antenna cable and gonic cable
pattern b. Incoming signal disturbed by ver-
tical metallic construction or
other antenna
c. Interference
9. Propeller pattern a. Broken wiring or short circuit in X
stands only in 0° - or Y axis transfer line of antenna
180° or 90° - 270° cable or gonio cable.
direction for any b. Broken wiring short circuit in X or
signal. Y lines around the gonio stator
terminals.
Abnormal
image on
the CRT | 10. Insufficient image a. Detuning at video amplifier Tl or
diameter even with T2 (07P2126)
PICTURE knob turned b. Poor contact on 23kHz signal line

. Defective CRT
. Low deflection voltage in CRT

(07P2126)

11. Double circumferences

on image

a.

b.

Resolver shaft bent (in goniometer
box )
Defective video amplifier (07P2126)
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b.

Trouble Symptom Cause
12. Sense pattern appears | a. Defective brilliance modulator cir-
symmetrically at both cuit Q6 in video amplifier
sides of propeller. (07P2126)
b. Defective brilliance modulator cir-
Pl cuit CR1 thru 4 (07P2126)
c. Detuning of brilliance modulator
circuit T3 (07P2126)
. d. Poor contact of PUSH-SENSE knob S2
= e. Defective relay K1 (07P2119/ in
goniometer box)
13. Propeller pattern is | a. Defective sense amplifier (07P2117/
not deformed when in goniometer box)
PUSH-SENSE knob is b. Defective PUSH-SENSE knob S2
depressed. ¢. Broken gonio cable
(The sense function d. Defective relay K1 thru Ké
is not effective.) (07P2119/ in goniometer box)
14. Ambiguous sense pat- |a. Improper sense adjustment (07P2127)
tern Refer to Appendix-2, "A2-5 Sense
ad justment",
Abnormal
image on
the CRT
15. Sense pattern on a. Improper sense adjustment
wrong side Refer to Appendix-2, "A2-5 Sense
adjustment",
b. Incoming wave disturbed by metallic
construction around antenna
16. Waved image a. Sweep voltage modulated by hum

noise of power supply
Voice is mixed with hum noise.

i) Low input voltage
ii) Poor grounding of loop antenna,
antenna cable or gonio cable

Defective +12V regulator (07P2125)
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Trouble Symptom Cause
Audio Propeller pattern appears | a. Defective speaker (loud speaker not
Sound but no audio output built in the display unit)
b. Defective AF amplifier (07P2125)
SSB Voice of received SSB a. Defective oscitlation of BFO cir-
unclear cuit Q13, 15 or 17 (07P2124)
Sensi- Poor-génsitivity a. Refer to Items 5, 6 and 7 in
tivity “Abnormal image on the CRT"
1. Constant error results | a. Deviated mounting. position of CRT
for any signal
b. Deviated mounting position of loop
antenna
¢. Deviated mounting position of sta-
tor of gonio or resolver (in the
goniometer box)
Bearing | 2. Propeller pattern Refer to Item 9 in "Abnormal image on
error stands only in 0 - the CRT"
180 or 90 - 270 direc-
tion.
3. Error of 5 degrees or |a. Quadrantal error due to ship's body
more results.
b. Deviated mounting position of loop
antenna and CRT
c. Incoming wave disturbed by metallic
construction around antenna
Other The center of the pro- Defective deflection circuit (07P2126)
peller swells out as time
lapses.
__—>_—>

7-6




— FURUNO

Self diagnostic procedure for receiver section

Check of the operation key switches and RAM/ROM in the receiver section
is performed as follows.

(1) Turn on the power source switch with the key pushed.

(2) When the key is released, a two-digit number is displayed on the

frequency indicator.

(A number except 00 indicates the trouble area.)

Number indicated

Trouble area

Number indicated Trouble area

11 key

12 key

13 key

14 key

15 key

16 [6] key

17 key

18 key

19 @ key

20 (-] key

21 [v] key

22 key

24 key
31 key
32 key

34 key
38 key

42
43
45
48
51
61
62
63
70
80

00

key
key
key
key
key
key
key
key

RAM Ul6
ROM U15

normal
(above troubles do
not exist.)

(3) Turn off the power source switch.
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7-3 Parts Locations

(1) Display Unit
07P2127 (SENSE)

—fn )}

[TV

N Photo No. 1692 Lithium battery

Top view

07P2128 (mother board)

3 07P2124 (IF)

07p2123
(LED DISPLAY)

Fuse (F1)

N e No-1691 07P2122 (CONT) -~ -

Right side view
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07pP2126 (VIDEOD) Braun Tube (CRT)

07p2125 (POWER) [ MIRYSRR-HG — I 07P2077 (DIMMER)

Power transformer T1

N Photo No.1690

Left side view
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(2)Goniometer box 07P2119 (GONIO OUT SWITCHING)
Goniometer

Al 07P2118
@ (STATOR CORRECTION)

Motor BO1

07P2117 (PRE-AMP)

N Photo No.1786

07P2117 (PRE -AMP) Note: Never touch these

volume controls.
Sense relay Kl __ }y ' 1B preamplifier
1 to 3B sense | By =y : L, Ay~ 2B preamplifier
amplifier ; ;
4B sense 3B preamplifier
amplifier
5B sense 4B preamplifier
amplifier
68 sense /j 5B preamplifier
amplifier

6B preamplifier

©

[
l -
!

t
N Photo No.1797
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Appendix-1 INSTALLATION

Al-1 Loop antenna

The position where the loop antenna is mounted is very important.
Improper positioning results in large direction error, ambiguous sense
determination and poor sensitivity. Since the Model FD-160 Direction
Finder covers a specially wide frequency range for direction finding,
some frequencies are liable to be disturbed. Extreme care should be
taken when selecting the mounting position.

(1) Remarks on installation

a)

b)

c)

The loop antenna shall be located on the center line of the ship
with the BOW mark (triangular mark) facing in the direction of
the bow. Since the relationship between the loop antenna and
other ship structures becomes asymmetric when the loop antenna is
located away from the center line, this may increase the likeli-
hood of error.

The loop antenna shall be as far away as possible from metallic
objects such as the mast, stay, antenna, antenna feeder line,
etc.

The loop antenna should not be mounted on an object which has a
horizontal component Tike a slant mast, projected member, etc. or
is asymmetric to the Tloop.

Fig.Al-1

(2) Antenna site

The antenna site shall be selected according to Figs. Al-2 thru
Al-5. If the conditions in the figures are not satisfied, the
antennas and similar objects around the loop antenna should be
located as symmetrically as possible to the loop antenna.

Al-1
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Direction finding up to 18MHz

H4
o4 73
Tﬁ:: - _LH3
HI~D2 v L
[ e i -0
L W4
q Cz:E%j::j
/
Feeder line Whip antenna
near mast
Table Al-1 Fig.Al-2

H1 D1 D2 H2 H3 D3

Proper |5 or more | 6 or more | 1.5 or less|| 3 or more|l or more | 6 or more

Improperi4 or less [ 4 or less | 2.0 or more|[ 1 or less|0 or less | 4 or less

Unit: m

3 m or more ]
T_.:7_______4
g8<.90° o

Feeder line
5 m or more

| 1

Derrick post

Fig.Al-3

Note:

1. Since main/sub wire antenna, whip antenna and loran antenna with
coupler have an adverse effect on the direction finding, the loop
antenna should be located away from these antennas.

(When the length of the antenna is a half or a quarter of the wave-
length of the frequency used for direction finding, large influence
will result from resonance. In this case, the influence shall be
reduced by opening or grounding the antenna with the switch.)

2. The Toop antenna shall be as far away as possible from the feeder
Tine,

3. Since the derrick post may cause resonance, the loop antenna should
be placed 5 m or more above the derrick post.
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Reference: Direction finding up to ZMHz

Ko

H1

%
H&4
f

e

Whip antenna

Feeder line

Whip antenna

Fig.Al-4a
Table Al-2
H1 H2 H3 H4 D1 D2 D3
Proper |2 or 2 or 2 or 1or 6 or 6 or 2 or
more more more more more more more
Improper|1 or 1 or 1lor 0 or 4 or 4 or 1or
less less less less less less less
Unit:
!
be—g
l-—i—‘ —Iz 1 a %
: [ { H1> 30 (’")
ol f
. . . ° X b d
Derrick post(width a) Bridge Hz ) +C--
Fig.Al-4b
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(3) Mounting

Refer to Figs. Al-5 thru Al-7.
Ground the mounting base to the flange through the bolts.
(Refer to "9-5 Grounding".)

Note: 1. When welding the flange onto the mast, care should be taken for
the positioning of the elongated holes relation to the bow
direction. ’

{(The cable clamp plate may be placed in any direction.)

t =6m 2, it
> Bow direction ﬂ
+
! 17

Cable clamp plate (SPCC. t = 3.2 mm)

Fig. Al-5a Flange (FDA-18255-3)

2. Never weld the flange with the antenna cable routed through the
mast. Otherwise, welding heat will burn the cable.

3. Route the antenna cable (Assembly No. S07-1-8(7P)) through the
mast with the end fabricated with crimp-on lugs facing upward,
and secure the cable armor with the cable clamp.

Crimp-on Lugs attached
(Taping for protection)

Connect one of two shield
wires to cable clamp,

M4 tooth-lock washer
shield

M4 spring washer
M4 pan-head screw

Cable clamp
FDA-18292-1

Fig. Al-5a Antenna cable fastening

Al-4
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Prior to fix Tloop antenna, connect
ant. cable to loop ant. terminals
as shown in Fig. Al-6.

sense antenna wire

_Weld ~ FDA—18261=1

Quter diameter Flange
80 to 140 mm MDA—18255—3
M10 x 45 hex. bolt Antenna cable

Apply liquid sealant
after fastening the bolt.

&)
IR MI0 flat washer
,,’/ M10 tooth-Tock washer

Connect one of two shield
wires to cable clamp.

M4 spring washer

M4 pan-head screw

Apply liquid sealant after
fastening the bolt«

M10 tooth-lock washer

|
!
' M10 flat washer

§;~\\\‘3M10 spring washer
= ‘M10 hex. nut

Fig. Al-6
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Loop antenna mounting base 1id ‘asg
Apply liquid sealant for)
over mating face. il
A2 P ‘Apply liquid sealant
Connect sense antenna wire to terminal (S). 3 after fastening the bolt.
Coat O-ring with greasg;_//Q j§ﬁ§5§/*
Ground terminal./ o 5 -
o é‘
.
N
Black
Red
Blue <
Yellow &
Mast

Fig. Al-7 Wiring in loop antenna base

(4) Sense antenna mounting

After the loop antenna is
secured, insert the sense
antenna through the top of
the loop antenna from below
S?ﬂhf;ﬁetgﬁt2§2§esﬂg;§?2a Sense antenna mounting base
hardware. Apply liquid
sealant over the junction

. Fixing bolts
-~
Antenna support hardware

Loop antenna mounting base lid

and the fixing bolts after
fastening the bolts. f‘fi SN

Fig. Al-8
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Al-2 Goniometer box

The watertight goniometer box is usually installed outdoors. Since the
8 m long antenna cable can neither be cut nor extended, sufficient care
should be taken for the distance between the loop antenna and the )
goniometer box. Sufficient space should be provided for removal of the
1id. When the box is mounted on the aluminum mast, care should be taken
for prevention of electrolytic errosion (rubber sheet, etc. should be
spread on the box as a countermeasure).

The cables should be routed into the goniometer box through the glands.
When routing the cable through the gland, refer to Fig. Al-10 and take
special care for tightening strength and watertightness.

Goniometer box

Case 1id fastening bolt
Apply liquid sealant
after fastening the bolt.

M10 x 45 hex. bolt

Flat washer

Spring washer

Antenna cable

Tooth-Tock
washer

Gonio cable 2

Nut Gonio cable 1

Apply liquid sealant -after
fastening the nut. Fig.Al-9 Goniometer box

i/
Washer
I~
Gasket
R .//_——_—
Washer
Body (gland main body)

Fastening gland

o  ————— Sheath
8 ———___Armor

A B
Apply ligquid sealant heath

after fastening the gland.

Fig.Al-10 Cable fixing

Al-7
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Al-3 Display unit/Speaker/Inverter
Display unit

The display unit should be placed for convenience of observation of the
image on the CRT operation, maintenance and inspection. The installa-
tion area should be well-ventilated, free from splashing sea water, etc.
and a place of minimal vibration. The display unit should be away from
noise sources such as the inverter, power cable, radar antenna cable, etc.

<Mounting procedure>

(1) Loosen the two screws which fix the mounting base and remove the
connectors on the rear side. Then, remove the mounting base from
the main unit.

(2) Fix the mounting base on a desk, table, etc. with the four wood-
screws (M8X32: supplied as installation materials) or M8 bolts and
nuts.

(3) Fix the cables with the cable clamp, and make necessary wirings
referring to 7?7?7777,

(4) Replace the display unit on the mounting base and fasten it with the
two fixing screws.

Note: Service clearance shall be 100 mm or more at the both sides, 150
mm or more at the rear and 150 mm or more at the top.

Speaker

The approximately 1.6 m long cord is attached for the box type speaker
(SP4-4). Install the speaker in a convenient place. Since the plug is
attached at the end of the speaker cord, cut off the plug because of the
terminal connection.

Inverter

The inverter is required for operation from the DC24V ship's mains.
It shall be placed far from the display unit to avoid noise
interference. Avoid places of poor ventilation and high temperatures.

Al-4 Corrosion-proof treatment

To avoid electrolytic corrosion of the mounting areas of the Tloop
antenna and goniometer box placed outdoors, apply liquid sealant to spe-
cified parts when installed and maintained.

(1) Points to be coated

Coat the bolt fastening areas and sealing areas according to the
installation procedure of the loop antenna and goniometer box (Page
Al- to Al- ). Since the liquid sealant has less conductivity,
observe the coating instruction when applying to areas which
require electric conductivity.

Al-8
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(2) Coating instruction

Wipe water, o0il and dirt off the surface to coat, and proceed with
the following procedure.

When electric conductivity is not required,
1) Insert the bolt into the washer.

?) Coat the whole threaded area of the bolt with ligquid sealant and
then fasten the bolt.

Fig.Al-11

When electric conductivity is required,
1) Completely fasten the bolt.

2) To prevent water from penetrating the mating areas of the bolt
and nut, coat the bolt and nut to cover them.

3) Confirm the conductivity.

Fig.Al-12

Note: 1, When reassembling the liquid sealant coated area after
disassembly, new liquid sealant may be coated over the old
one.

2. When using the 1iquid sealant 1211, use the attached
attachment nozzie.

3. After using the 1iquid sealant, remove the nozzle and

tighten the cap for storage. The storage 1imit is about
one year.

Al-9
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Al-5 Grounding

To operate the equipment with expected performances, grounding, shown
below is very important.

Loop antenna

Since the Tooped part of the antenna is shielded to generate electromo-
tive force from only the magnetic field, the antenna main body must be
completely grounded. In case of steel ships, it is grounded through the
mounting bolts and tooth-lock washers between the antenna mounting base
and the flange welded to the steel mast. In case of FRP ships, the
grounding can be formed to the ground terminal of the display unit
through the shield and armor of the cable.

Goniometer box

The box can be grounded in the same way as the loop antenna.

In case of steel ships, the grounding is formed to the ship's body
through the mounting bolts and tooth-lock washers.

In this case, electric conductivity will be formed by removing paint and
rust around the bolt holes. In case of FRP ships, the grounding can be
formed to the display unit through the shield and armor of the cable.

Display unit

Using solder cream, connect the copper grounding strap (0.4 x 50 x 1200)
included in the installation materials to the grounding bus bar (wide
grounding copper plate) soldered to the ship's body.

Connect the other end to the grounding terminal of the display unit.

In case of non-conductive ships such as FRP, attach a grounding plate

(1 square meter or more) on the bottom of the ship, for example, and
route a 10 cm wide copper strap to the chart room where the display unit
is located.

Particularly when the loop antenna or goniometer box is not completely
grounded, double propeller image will appear.
Be sure to use the tooth-Tlock washers.

Al-10
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Al-6 Wiring
(1) Loop antenna

The end fabricated with (crimp-on lugs) is connected to the loop
antenna.

Remove the Toop antenna mounting base Tid and connect the cable to
the respective terminals.

Two shield wires (grounding) are provided. One wire should be con-
nected to the cable clamp hardware of the flange and the other wire
to "E" terminal of the loop antenna.

Never cut nor extend these antenna cables.

(2) Goniometer box

The 10-pair multi-core cable (07S0041) is wired to the terminal
boards TB1 and TB2, and the drain wire to the chassis of the
goniometer. On the coax cable (0750040), the core wire is connected
to the terminal board TB3 and the outer conductor is fastened with
the cable clamp. The drain wire is fastened with the cable clamp
screw. On the antenna cable (0750038), each core wire is connected
to the terminal board and each shield is fastened together with the
cable clamp. The drain wire is fastened to the chassis of the
goniometer.

For details of the cable end fabrication, refer to Page Al-12.

TB17 782
Y2 20[GRY /{YEL FINE
o ( )
X1yt 19[8LU 2Lk GAIN
j sz/gﬁm XJ BLUDNJPHASEU) W
S L{avec R\ Bk PHASE(2) |2
& | R2 [/6WHT HEE ]'&LEVEL Je
R 15|GRN 4 ELKI& SENSE
+10v [ T4IWHT 7GRN - DATA(=? )
oviI2v) I3|RED i Bu\:m J DATA(t)
ov(I5v) r2lwnr J{YEL - AClpovV
L

6

075004 0150038~y .. =
DRALN MULTICORE COAX S-COAX .
| vire Zv\HHJH [ (111 e e

S B S T ] -
#IDP O doTh Fig.Al-13
IG'DNIO CAE:.E : AT T CAIBLE AUX
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5 ) 6 A1-12
gEH10OMT TN
MULTI-CORE CABLE \efO) M3 (175122 )
oy ST NFa—T 10 O
- VINYL TUBE 4,,
2

A20¢ ->~1<£

- 250
A&y — 7N
COAX. CABLE
| o7sooz0 E ) ‘
heue | *EL— 30 I/O L/oLz
L] R 530 it Sl I
PUFFT=TN (&mgﬁxa
ANTENNA CABLE DON'T CUT!)
|| o7s0038 “"”g"! T - - -0
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(3) Display unit

The 10-pair, multi-core cable is routed to the terminal boards TBl and
TB2. On the coax cable, the core wire is routed to the terminal

board TB3 and the outer conductor is fastened with the cable clamp.
The respective drain wires are fastened on the grounding plate with
the screw.

Remove the paint on the armor of cables at the cable clamp and fasten
them with the cable clamp at the cable entry.

10-pair multi-core cable (0750041)

DRAIN WIRE
(Grounding wire)
T kmﬁ
I
Fig. Al-14a
Coax cable (0750040)
10 DRAIN WIRE

(Grounding wire)

20 |10 1s'ﬂlo
. 300 ™

Fig. Al-14b
Cable end fabrication

10

Fold in a half and process with
the crimp-on lug (M3 red).

=
Fig. Al-l4c

Each drain wire is covered with a vinyl tube 62/) and processed with
the crimp-on lug (M4 red).

A1-13
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Appendix-2 SET-UP

A2-1 Power source voltage inspection/change

(Screw
()

Remove the four screws on the
rear of the display unit, and the
rear panel will be opened.

° °
— —=
/)
Fig.A2-1
ér\\\ The power supply circuit board

(07P2125) is located on the rear

Eﬂgtj & panel. Confirm that the jumper
®) | wire on the terminal board of the
l, circuit board is connected to the

-

(o]

appropriate power source voltage
terminal. (The voltage is
available in 100, 110 and 220v.
Since a tolerance of t 20% is
allowed, connect to the 110V ter-
minal for 115V.) The fuse need
not be replaced.

[°]

3

Fig.A2-2

AZ2-2 Sensitivity inspection

(1) Turn the (FINE) control to check whether the antenna fine tuning is
effective or not. (With AGC turned off, confirm that the peak out-
put point exists for the set noise under no receiving signal.)

(2) Check of sensitivity by receiving reference radio signal.
Record the normal receiving condition of a typical radio station at
a known location such as a beacon station 200 to 300 miles away.
Check whether the propeller pattern and voice are sufficient or not
by comparing with the recorded data.

(3) External noise level should be negligible.

A2-1
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A2-3 Video circuit adjustment

When the brightness becomes insufficient or the center point deviates
depending on the environmental conditions, remove the cover from the
display unit and correct the irregularity with the potentiometers on the
pattern VIDEO circuit board (07P2126). Use the propeller pattern for

adjustment,
. ,_Jﬂ
1

| 07P2126| -y

FOCUS(R54) INTEN(R56) #2
[

‘\ \Ei v Adjustment item |Potentiometer
VERT(R46), l \\HOR(R49) Brightness INTEN(R56)
““——““fgj - Focus FOCUS(R54)

\tq ‘ Ver - VERT(R46)

A Center tical
' point Hori- | HOR(RA49)
L* JJ__J zontal

\ Fig. A2-3
A2-4 Bow direction calibration

Place a test transmitter, radio buoy, etc. (2MHz band) just in the bow
direction, and check whether the propeller pattern indicates 0 degree or
not. For the deviated indication, correct the error according to the
following procedure.

(If the deviation exceeds 5 degrees, first correct the mounting angle of
the loop antenna.)

1) Remove the cover, and the
SENSE circuit board will be
visible on the top. The CRT
fixing screws are located on
both sides.

CRT fixin
SCrews

Loosen the screws and rotate
the CRT in reference to the
scale seal.

2)

>y
—

y 3) Retighten the fixing screws.

]

»e

Scale seal
e — E:L//// (one graduation approximates 1
' degree.)
]
S Front panel
{ O Fig.A2-4

A2-2
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A2-5 Sense adjustment

The Model FD-160 Direction Finder covers a fregquency range of 1.5 to
18 MHz, which is used for direction finding, in 4 bands, and each band
is divided into two parts as standard for optimum sense adjustment.
When this division is not satisfactory (frequencies with proper and
improper senses are mixed in the same band), it can be further divided.
The optimum "sense adjustment values" for each divided part can be
stored in the memory and they can be read out according to the set fre-
quency.
The outline of this function is described as follows.

—O0 0
RAM "RECALL" MEMO
Factory-set - —16]
value — © S8 LOAD Temporary memory 1P1]
5 (counter) - L—{p2
Data ./ o INV
memory
"NORMAL"

"DF" ¢ "SENSE ADJ."

FUNCTION

Sense adjustment circuit
Fig.A2-5 OQutline diagram

In a part of RAM, standard sense adjustment data are set at the factory.
These data are also stored in the data memory.

For adjustment, first push the button with the knob
depressed, and the factory-set values in the data memory are transferred
to the temporary memory. (In this operation, the knob is
not necessarily depressed but the data transfer can be confirmed by
observing the sense pattern with the knob. The data in the
temporary memory can be changed when the sense adjustment is carried out
with the (gain adjustment), (phase 1 adjustment) and
(phase 2 adjustment) levers,

The adjusted data is stored in the data memory by pushing the MEMO
button with the knob depressed. To confirm that the data
has been transferred into the data memory, push the knob
and turn the switch between "DF" and “SENSE ADJ.": If the
same sense patterns are displayed in both positions, the data is pro-
perly transferred.

If the proper point is missed during the sense adjustment, the factory-
set data can be recalled. For recall, turn the S8 switch to "RECALL"
and push the button with the knob depressed.

A2-3
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For actual adjustment at installation, bring the ship off the shore and
use the signal of the station which is in the previously known direc-

tion.

When the ship is in the port, roughly check the conditions of the

sense pattern on all frequencies to be used; though the antennas of
other ships and surrounding structures disturb the proper adjustment.

A2-5-1 Function of switches

[LOAD ]

The size of

The sense adjustment the sense
data stored in the pattern is
data memory are tem adjusted.

porarily transferred~l
to the temporary
memory for adjust-

[5]

ment.

Il

IINV* ‘““~\jkuw ”

53

The sense pat-

\ ° °
tern is o (Ge[+«a]s8]68]
inverted. o @ 13+8 678

1ag08ds

OFF

Removing 1id ///////i//

makes switches

BABADABRA

@
w

-
HORMA (1
MRE
I:l =

RECALL
i

The phase

of the sense
signal is
adjusted

to trim

the pat-
tern.

MEMO
; l/ The sense
o ad justment

data is
stored in
The data
memory.

visible.

S7: {3B/4B/5B/6B* |

The frequency- division
for sense adjustment is
set.

Note: Swiches not marked with:

!
f * are operated with the,
|
|
|

PUSH-SENSE} knob :

depressed. b

A2-4

S8: [NORMAL /RECALL ]

The switch is usually at

NORMAL .

When the sense

adjustment is required to
be returned into the
factory-set state, the
switch should be set at

RECALL.
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A2-5-2 Adjusting procedure for sense pattern
(1) Remove the 1id on the top of the main unit.

(2) Compare the setting of the frequency division switches S7 with
the frequency division table on the rear of the 1id, and check the
switch setting.

(For details of the S7 setting, refer to "8-5-3 Frequency division
setting”.)

(3) Check whether the sense patterns are proper or not by receiving the
frequencies one by one in each frequency division. Stand the bow
to the station (coast station, radio broadcast station, fellow
ship, etc.), the direction of which is previously known, and adjust
to gain the optimum propeller pattern referring to "6. Direction
Finding Operation". It is the best way to check the sense pattern
with the fellow ship contacted.

Sense pattern in the optimum sense adjustment (Ideal pattern)

Q) QO

Excellent Excellent Good

(4) When the proper sense pattern is not gained over the entire range
of frequencies in a frequency division, carry out the sense adjust-
ment to gain relatively good sense pattern for any frequency in a
frequency division,

1) Set the |[FUNCTION| switch at the
SENSE ADJ.

2) Push the |LOAD| button with the

PUSH-SENSE| knob depressed.

3) Trim the sense pattern by.alter-

nately pushing the [G], and TURLS SRR et
levers with the [PUSH-SENSE

knob depressed.

1FUNCTION

PUSH-SENSE |

Sense pattern variation when adjusted for better phase of
sense signal (Solid line —> Dotted line)

A2-5
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Sense pattern variation when adjusted for worse phase
(Solid line —> Dotted line)

l’\
v
|
R

Sense pattern variation when better or worse phase is not
judged  Solid line —— Dotted line
(To be judged with the [G] lever operated.)

4) Check whether the sense pattern is inverted or not.
Use the |INV] switch to correct.

Note 1. For BAND-1/BAND-2 (ZOOkHz to 1.5MHz)), m and - are |
not effective, use only for sense adjustment, :
For BAND-3 (1.5 to 3. 5MHz) is not effective, use
and [P2] for sense adjustment.

2. When the lever [G], , |P2], etc. is continuously
pushed, a high-pitch sound will be heard. This indicates
that the setting has reached the 1imit of its adjusting ¢

(5) Store the sense adjustment data in the memory.
Push the |[MEMO| button with the [PUSH-SENSE| knob depressed.

Confirm that the sense data is completely memorized.

The sense data is properly memorized if the same pattern appears
when the [FUNCTION| switch is alternately turned to "SENSE ADJ."
and "DF" with the |PUSH-SENSE| knob depressed.

Check other frequencies in the same frequency division., When
relatively good patterns are gained over the entire range of fre-
quencies in the same frequency division, proceed to the next fre-
quency division. When a certain frequency shows poor sense in a
frequency division, refer to "A2-5-3 Frequencies division setting”.

A2-6
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Reference: RECALL function
The recall function is used to restore the setting into the
factory-set state when the sense pattern becomes worse after
adjustment,
Operation procedure

1) Turn the |FUNCTION| switch from "DF" to "SENSE ADJ.".

2) Turn the S8 switch from [NORMAL] to [RECALL] .

3) Select a frequency in the affected frequency division.

4) Push ths |LOAD! button with the |PUSH-SENSE| knob

depressed.

5) Return the S8 switch from [RECALL| to |[NORMAL; .
6) Push the [MEMORY| button with the |PUSH-SENSE| knob

depressed.

A2-5-3 Frequency division setting

The Model FD-160 Direction Finder has a capability to divide the fre-
quency range for sense adjustment more finely, to a maximum of 29 fre-
quency divisions.

When delivered from the factory, the equipment is set at the minimum
frequency division (No. 3 thru 6 bands are respectively divided into
two parts. This setting allows easy adjustment unless a difficulty
happens to the sense. However, due to the surrounding conditions of
the loop antenna, poor sense patterns can be occasionally gained in
only some part of frequencies in a frequency division. In this case,
it is better for easy sense adjustment to make the frequency range
narrower to increase the number of frequency divisions.

e ehensy divis
sion tag e 1{ BANDIATB | FREQUENCY DIVISION FOR SENSE ADJUSTMENT
attached on the rear 15-25125-354
of the 1lid.

8-9/9-M1-12f |
jorFlor] 7.75175-8 | 8-85las-9 | 9-10{10-11]11-12] |
00000000

12-14]14- 18]
(ONJOFF[12-13{13-14/14-16[16-18] * |
joFelorF{ 121251 125 13] 13-135{135- 14{ 14-15]15- 16] 16- 17]17 - 18]

BAND-1_02-054 BAND-2 05415 MHD

3B| 48| sB| 68

[, 2F3 +Is ‘Iv‘;J S7: |3B/4B/5B/6B
~= The A and B switches for each of bands 3 to 6 are

HBBB &BB turned on/off to select the frequency division as

shown in the table.

OFF
BABABABA
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Example: Band 3 (1.5 thru 3.5MHz)

T ——
A |8 | FREQUENCY DIVISION FOR SENSE ADJUSTMENT.
[ov[on[15-25/25-35) |
ONore|15-22[22-2525-313-3s]
[OFF{0FF|15-15]13 EED

<Minimum frequency division
<Newly set frequency division

The sense pattern is not good when the 3.2MHz signal is received in
the minimum frequency division (frequency range of 2.5 to 3.5MHz).
In this case, make the frequency range narrower because of the
following reasons.

S7
BAND A 5 Frequency divisiaon
The 3-3.5 range
ON ON 1.5-2.5 }2.5-3.5 is newly pro-

3 5 i 0 =7 ~=Z = vided by making

' ' ~< ~ - the range one-

~ -

. step narrower,
ON OFF |1.,5-2.2 }2.,2-2.5 ]2.5-3 |3-3.5

A A

Sense setting for these Since sense setting in this
ranges are kept as they range is abnormal, the sense
are because of proper shall be adjusted for better
sense pattern. sense pattern.

Setting procedure

1) Transfer the proper sense adjustment data in the "1.5 -
2.5"(MHz) into the temporary memory.

1) Confirm that the A and B switches of S7 are "ON".
2) Turn the switch to "SENSE ADJ.".
3) Select a freguency among the "1.5-2.5"(Miz).
4) Push the button with the knob

depressed.

2) Make the frequency range one-step narrower. Transfer the "
1.5 - 2.5"(MHz) data in the temporary memory into the "1.5
- 2.2" and "2.2 - 2.5"(MHz).

1) Turn off the B switch with the A switch kept on.

2) Select "a frequency in "1.5 - 2.2"(MHz).

3) Push the button with the knob
depressed.

4) Select a frequency in "2.2 - 2.5"(MHz).

5) Push the button with the knob

depressed.

A2-8
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3) Repeat the same procedure for a frequency range of
"2,.5-3"(MHz) to store the data into the memory.

4) Select a frequency in "3 - 3.5"(MHz) and pattern data.
Select a frequency in "3 - 3.5"(MHz), and adjust the sense
pattern by referring to "A2-5-2 Adjusting procedure for sense
pattern". Then, store the data into the data memory.

A2-6 How to make calibration curves

When provided with the calibration curve, the direction finder is able
to find a highly accurate direction.

Depending on surrounding conditions, the direction finder which can
receive high frequencies up to 18MHz sometimes shows a 10 degree or more
direction error even in the bow. After the equipment is installed, the
calibration curve is generally taken for typical/important frequencies
in each band.

When new frequencies are added to use later, or when the structure around
the loop antenna varies, the correction curve shall be compensated.
However, for collection of error data, a strict method using the dumb
card, etc. is not necessary. It is usual to use a simple method of
turning the ship in a small circle while receiving the signal from the
fellow ship of which the position (direction) is observed on the radar
screen.

Simple error measurement procedure (summary)

1) Keep your ship 1 mile away from your fellow ship.

2) Observe your fellow ship on the radar screen,

3) Continuously contact your fellow ship by radiotelephone.

4) First, place your fellow ship in the bow direction of your ship and
confirm that the sense pattern is proper.

If the sense pattern is not proper, read just the sense pattern.

5) Measure the direction on the equipment. Enter the reading on the
"calibration record" paper supplied.

6) Slowly turn your ship in a small circle.

7) The radar operator informs the direction finder operator of the
direction of your fellow ship in steps of 10 degrees by voice.

8) Corresponding to every voice, the direction finder operator enters
the reading on the "calibration record”" paper.

9) After one turn, calculate the correction values (correct direction
minus measured direction), and confirm that the correction values
are not abnormally large.

It is best to draw the approximate calibration curve at this time.
10) Select the next frequency. Repeat the procedure from Step 4 to

Step 9). .
11) When the error measurements are completed in all necessary frequen-

cies, draw the calibration curves.

Several curves are usually drawn on one paper.
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M 5 R E B fE A AT Sk
DIRECTION FINDER CALIBRATION RECORD

finl X Model & % ¥ Frequency l\i‘]z BlE#H Measured By

2% S Serial No. 71) w7 Derrick ¥  AF Place

fi5 % Ship's Name 7 7k Draft FORE. m, AFT! m H B Date

B & Owner 7 v 5+ Antenna MAIN:OFF, EMG:OFF %% Observer

EEtFmEy  CLOCKWISE kEFEtAmEY  COUNTERCLOCKWISE
(A | BEEB) [BEA| B OM(A) | RERB) [BEA| K E(A) | MEEB) BEA| B fE(A) | BIEE(B) |BEA
TRANSIT | D.F. COR.| TRANSIT | D.F. COR.|| TRANSIT | D.F. COR.} TRANSIT | D.F. COR.
BEARING | READING |(A-B)} BEARING | READING |(A—B)| BEARING | READING |(A-B)| BEARING | READING |{A-B)
0 0] 360 360

10 10 350 350

20 20 340 340

30 30 330 330

40 40 320 320

50 50 310 310

60 60 300 300

70 70 290 290

80 80 280 280

90 90 270. 270

100 100 260 260

110 110 250 250

120 120 240 240

130 130 230 230

140 140 220 220

150 150 210 210

160 160 200 200

170 170 190 190

180 180 180 180

190 190 170 170

200 200 160 160

210 210 150 150

220 220 140 140

230 230 130 130

240 240 120 120

250 250 110 110

260 260 100 100

270 270 90 90

280 280 80 80

290 290 70 70

300 300 60 60

310 310 50 50

320 320 40 40

330 330 30 30

340 340 20 20

350 350 10 10
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10.
11.

12.

13.

14,

15.

16.

17.

18,

FD-160 DIRECTION FINDER

Indication System

. Receiving Mode
Receiver Frequency Range
. DF Frequency Range

. Receiving System

Intermediate Frequency

. Selectivity

. Minimum Field Strength

for DF at +15° Accuracy

. Bearing Accuracy

Sense Determination
Audio Output

Antenna System

Gyro Repeater

Additional Functions

1) Channel Memory

2) Channel Scan

3) Frequency Scan

4) Scaning Interval
& Stop Time

5) Scan Stop

Environmental Conditions

Dimensions and Weight

Display Unit:

75mm dia. CRT, electrostatic deflection

AlA, A2A, H2A, A3E, H3E, J3E

100Hz to 29.9999MHZ, 100Hz step

200kHz to 18MHz

PLL synthesizer, triple conversion superheterodyne
1st 45.454MHz 2nd  455kHz 3rd  175kHz
More than 2kHz at -6dB, Within 10kHz at -66dB

MF(410kHz) :15uV/m or more
[F(2182kHz) : 8uV/m or more

+1° for input level of 1mV/m at 410kHz
Automatic or manual
Rated 5 watts (into 8 ohm load)

85cm dia. fixed cross loop with 2m vertical sense
antenna

Optionally supplied ’Type: I

200 CH max. (freq./emission mode stored)
Up to 20 groups (10 CH for each group)
Selective in 100Hz steps min.

1 to 9999 seconds
Automatic or Manual

Température Range: -10°C to +50°C
Relative Humidity: 95% at +35°C

280(W) x 373(H) x 430(D)mm  approx. 17kg

Goniometer Box: 340(W) x 336(H) x 170(D)mm  approx. 13kg

Loop Antenna:

Coating Color

Power Supply &
Power Consumption

Max. height 2243mm, 850mm dia. approx. 8.5kg

2.5GY 5/1.5 Specified |(Main Unit):

AC100/110/220V(+20%), 1¢, 50/60Hz, 70VA or
DC24V (with extra inverter)
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Complete set

No. Name Type Weight | Q'ty Remarks
(kg)

1 | Display Unit DI-160 | 17 1

2 Loop Antenna AL-85 7.5 1

3 | Sense Antenna W-2 0.3 1

4 | Gonio Box DG-160 | 13 1

5 | Accessories 1 Set

6 | Documents 1 Set

7 Installation Materials 1 Set

8 Spare Parts 1 Set

9 | Static Inverter TR-2407| 8.5 1 For 24Vdc Mains (Option)

Accessories
No. Name Descriptions Code No. Q'ty | Remarks

1 | Speaker SP-4-4 000-580-501 1

2 Card Case A5 000-831-568 1 Sense Adj. Procedure
3 | Plastic Cover | 07-001-0002 000-8759-631 1

Spare Parts

No. Name Type Code No. Q'ty| Remarks
1 | Lamp P-12 50mA 000-540-156 4
2 | Fuse FGBO-A 2A 000-549-062 2
AC125Y
Spare Parts Box 000-831-610 1 For F-710

A3-2



— FURUNO

Installation Materials

No. Name Descriptions Code No, Q'ty Remarks

1 | Crimp-on Lug Fv1.25-M3 000-538-110| 35

2 | Crimp-on Lug FV1.25-M4 000-536-715 2

3 | Woodscrew 8.0x32 C27004 | 000-861-731 4

4 | Woodscrew 3.1x13 C2700W | 000-861-746| 46

Display Unit

5 | Vinyl Tube @2mm *im* 000-568-006 1

6 | Metal Band 0.8x15x1200 000-570-105 2

7 | Copper Strap WEA-1004-0 500-310-040 1

8 | Connector M-P-7 000-500-512 1

9 | Hex. Bolt M10x45 SUS304 | 000-862-176 4
10 | Hex. Nut M10 SUS304 000-863-111 8

11 | Flat Washer M10 SUS304 000-864-131 8

12 | Spring Washer | M10 SUS304 000-864-261 4 Gonio Box
13 | Toothed Lock M10 SK-5 MFNI2 | 000-864-540 8

Washer

14 | Crimp-on Lug FV1.25-M3 000-538-110 | 25

15 | Vinyl Tube @2mm *1m* 000-568-006 1

16 | Hex. Bolt M10x45 SUS304 | 000-862-176 4

17 | Hex. Nut M10 SUS304 000-863-111 8

18 | Flat Washer M10 SUS304 000-864-131 8 Loop Antenna
19 | Spring Washer | M10 SUS304 000-864-261 4
20 | Toothed Lock M10 SK-5 MFNI2 | 000-864-540 8

Washer
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21 Pan Head Screw | Mdx12 C2700W 000-861-127

22 | Toothed Lock M4 SK-5 MFNIZ | 000-864-535 Loop Antenna
Washer

23 | Cable Fixing FDA-18292-3 730-111-123
Plate(2)

24 | Adhesive 1211 50g 000-854-118

25 | Flange(1) FDA-18255 730-111-024

26 Loop Antenna FDA-18261 760-111-011
Fixing Gasket

27 | Multi-core 0750041
Cable

28 | Coax. Cable ECX-5C-2V

29 | Antenna Cable |S07-1-8(7P) 007-284-590
Assy.
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